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Abstract

Chimeric antigen receptor T cells (CAR-Ts) constitute a novel therapeutic strategy for relapsed/refractory B-cell malig-
nancies. With the extensive application of CAR-T therapy in clinical settings, CAR-T-associated toxicities have become
increasingly apparent. However, information regarding the associated infections is limited. We aimed to evaluate the incidence
of infection during CAR-T therapy and identify the potential risk factors. Especially, we evaluated infections and the associated
risk factors in 92 patients. The cohort included patients with acute lymphoblastic leukemia (n = 58) and non-Hodgkin
lymphoma (n = 34). Fifteen cases of infection (predominantly bacterial) were observed within 28 days of CAR-T therapy,
with an infection density of 0.5 infections for every 100 days-at-risk. Neutropenia before CAR-T therapy (P = .005) and prior
infection (P = .046) were independent risk factors associated with infection within 28 days after CAR-T therapy; corticos-
teroid treatment during cytokine release syndrome (P = .013) was an independent risk factor during days 29—180 after CAR-T
infusions. Moreover, the 2-year survival duration was significantly shorter in patients with infections than in those without
(126 vs 409 days; P = .006). Our results suggested that effective anti-infection therapies may improve prognosis of patients
who have a high infection risk. The risk of bacterial infections during the early stages of CAR-T therapy and the subsequent risk
of viral infections thereafter should be considered to provide the appropriate treatment and improve patient prognosis.
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Introduction release syndrome (CRS), B-cell aplasia, and immune effector
cell-associated neurotoxicity syndrome'®'>, have become
increasingly apparent. Infections occur frequently in individu-
als receiving chemotherapy or allogeneic hematopoietic stem
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cell transplantation (HSCT)'®'%; however, such cases rarely
been reported after CAR-T therapy”® .

Before receiving CAR-T treatment, patients with R/R
B-cell malignancies usually undergo chemotherapy courses,
such as high-dose salvage chemotherapy. Some patients
relapse after autologous or allogeneic HSCT. During these
treatments, patients usually experienced pancytopenia lead-
ing to severe infection, which may have increased the bac-
terial, viral, or fungal infection risk. Moreover, patients with
R/R B-cell malignancies have poor immune function
because of prior cytotoxic treatments for their primary
malignancies, which also increase the infection risk. Gener-
ally, patients receive conditioning chemotherapy, such as
fludarabine and cyclophosphamide administration, before
their CAR-T infusions (CTIs), which may have exacerbated
their immunosuppression. After CTI, some patients experi-
ence complications, including severe CRS, corticosteroid
and/or tocilizumab administration, or admission to the inten-
sive care unit (ICU) as part of severe CRS management that
may lead to increased infection risk.

To date, limited systematic studies focused on the compli-
cations after CAR-T therapy, including infections, have been
conducted®® %>, Additionally, data from systemic studies on
Asian natives and children remain limited®*. In this study, we
investigated the incidence of infections during the first 180 days
after CAR-T cell infusions in 92 Chinese patients with R/R
B-cell malignancies to identify the risk factors for infection.

Materials and Methods

The study design, timeline, and outcome measures were
explained to all eligible patients, and they were informed that
they were free to discontinue participation at any time without
consequences. All patients signed the written informed consent
form prior to examination. The study was approved by the
Institutional Review Boards of the First Affiliated Hospital,
School of Medicine, Zhejiang University (No. 2018-747-2).

Patients and Clinical Protocols

We reviewed the data of 92 Chinese patients (10 children,
82 adults) with R/R B-cell malignancies who were treated
with lymphodepletion chemotherapy and CTI from July
2015 to May 2019 in a phase 1/2 open-label clinical
trial (ChiCTR-ORN-16008948, ChiCTR-OIC-17011310,
ChiCTR1800015575)*. We reviewed their medical records
to examine the presence of infections after chemotherapy for
B-cell malignancies. All patients received a single lympho-
depletion chemotherapy cycle, followed by CTI at doses of
1.0x10°-10.0x 10° cells/kg. All patients were admitted to a
laminar flow ward after CT1. When their absolute neutrophil
counts (ANCs) were < 500 cells/mm?>, the granulocyte
colony-stimulating factor was administered daily. The serum
immunoglobulin G (IgG) levels were evaluated prior to
and approximately weekly after CTI. Immunoglobulin
(400 mg/kg, IV) was recommended when the serum IgG

levels were < 600 mg/dL. Patients with a body temperature
> 38°C and neutropenia were treated immediately with 1 g
of meropenem/imipenem every 8 h. Repeated blood cultures
were performed where necessary. In cases where a patient
had symptoms of urinary tract irritation or diarrhea, urine or
stool cultures were performed. Cytomegalovirus, Epstein-
Barr virus, adenovirus, and influenza virus infections were
monitored each week using polymerase chain reaction, while
the fungal infections were monitored using the Galactoman-
nan tests, with an increase in the frequency of testing accord-
ing to the patients’ condition. Patients with respiratory
symptoms were tested using lung computed tomography and
sputum cultures that were repeated when necessary. CRS
was graded according to a revised grading system'>. More-
over, treatment for CRS, including the use of tocilizumab
and/or steroids, was recorded. Especially, they received
methylprednisolone 80 mg every 12 h or tocilizumab 8 mg
once. When the symptoms were not improved after 2 days,
increasing the dose, repeating tocilizumab administration, or
administrating these two drugs combined was considered.

In general, patients in the ALL group remained under our
center’s care for a minimum of 28 days after therapy, as this
is the time-frame during which most complications are
expected. After discharge, they visited our center for
follow-up examinations every 15 days until a new treatment,
such as HSCT, was prescribed. Patients’ medical informa-
tion was recorded in our center. Patients with lymphoma
were discharged from the hospital after their symptoms had
subsided after 1 week. They visited our center for follow-up
examinations every month for 1-2 years.

Definition of infection

An episode of infection was defined as the presence of clin-
ical symptoms along with corroborating radiographical,
microbiological, or histopathological results. The
infection-onset day was defined as the day on which the
diagnostic test was performed. Bacterial infections were
categorized as bacteremia or site-specific infections. Multi-
ple positive blood cultures for different microorganisms on
the same day were considered as separate events. Patients
with typical clinical symptoms (temperature > 38°C and
purulent cough) and radiographical evidence without
CAR-T expansion were considered to have an infection even
if their microbiological findings were negative. These infec-
tions were classified as unknown, and the infection-onset
day was defined as the day on which lung computed tomo-
graphy was performed.

Data collection and statistical analysis

Patients’ data, including demographic data, previous treat-
ment history, morphological disease status, duration of neu-
tropenia and fever, and CRS grade, were obtained from their
medical records. Infections were retrospectively identified
from the day of the first CTI (day 0) up to day 180 after
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Table I. Clinical and Treatment Characteristics Before and after
Chimeric Antigen Receptor T Cell Therapy.

Table 2. Clinical Characteristics of Infection and the Occurrence
of Time.

ALL NHL
(h=75" (n=238)

Total
(n=113)?

Baseline characteristics

Age, median (range), years 29 (7-76) 45.5 (23-71) 35 (7-71)

Female 38 (50.7%) 14 (36.8%) 52 (46%)

Prior antitumor treatment 5 (1-24) 8 (5-24) 6 (124
regimens

IgG <600 mg/dL 3 (4%) 4 (10.5%) 36 (31.9%)

ANC <500 cells/mm’
before CTI

Fever before CTI

Prior autologous and/or
allogeneic HSCT

Infection in prior treatment 20 (26.7%)

Disease status

26 (347%) 2 (53%) 28 (24.8%)
34 (45.3%)

24 (32.0%)

8 (21.1%) 42 (37.2%)
4(10.5%) 28 (24.8%)

5(132%) 25 (22.1%)

<20% blasts b/I-II° 27 (36%) 11 (28.9%) 38 (33.6%)
>20% blasts b/Ill-IV€ 48 (64%) 27 (71.1%) 75 (66.4%)
Post CAR-T cell

characteristics
Time to neutrophil Il (1-78) 4 (1-36) 6 (1-78)

recovery >500 cells per

mm3 median (range)*
Duration of fever® 8 (245) 7 (2-63) 7 (2-63)
CRS grade
0 14 (18.7%) 5(13.2%) 19 (16.8%)
1-2 35 (46.7%) 25 (65.8%) 60 (53.1%)
3-5 26 (34.7%) 8 (21.1%) 34 (30.1%)
Corticosteroid 17 (22.7%) 7 (18.4%) 24 (21.2%)f
Tocilizuma® 24 (32%) 5(13.2%) 29 (25.7%)f
ICU admission by day 28 3 (4.0%) 0 (0%) 3 (2.7%)

?In our study, 92 patients received CTI; 19 patients received CT| more than
once (ALL, n = 15; NHL, n = 4). The clinical characteristics of the same
patients on different courses were similar; hence, we considered each CTI
as an independent clinical and treatment characteristic.

®Blasts referred to the blast cells in the bone marrow.

“Patients with NHL were examined via positron emission tomographic/
computed tomographic scanning before CTl and staged in accordance with
the results.

4Patients who did not display an ANC of >500 cells/mm3 before CTI
(ALL, n=1) or did not have an ANC of <500 cells/mm3 were excluded
from the analysis.

®Patients who did not have a fever (ALL, n = 8; NHL, n = 4) were excluded
from the analysis.

f16, 9, and 15 patients received only tocilizumab, corticosteroids, or both.

ALL, acute lymphoblastic leukemia; ANC, absolute neutrophil count;

CAR-T, chimeric antigen receptor T cells; CTl, CAR-T infusion; CRS, cyto-

kine release syndrome; HSCT, hematopoietic stem cell transplantation; IgG,

immunoglobulin G; NHL, non-Hodgkin lymphoma.

CTIL. Patients were censored on the date of de novo antitumor
therapy, last clinical contact at our hospital, or death.
Summary statistics were calculated for categorical vari-
ables, along with medians and ranges for continuous variables.
Infection densities were determined and compared between the
first 28 days and days 28-180, using the mid-P method
(an efficient method for computing the exact confidence limits
for the common rate ratio in a series of two ¥ tables with
person-time denominators). To evaluate the risk factors for
infection post-CTI, we performed univariate and stepwise

Occurrence

No. of Disease of infection

patients Age type Infections (days after CTI)

1 53 ALL Clinical diagnosis 7

2 39 ALL Pseudomonas aeruginosa 17

3 7 ALL Kreber Pneumonia 16

4 45 ALL Staphylococcus 4

5 17 ALL Candida sp. |
Salmonella |

6 20 ALL Candida sp. 89

7 66 ALL Syncytial 12

8 57 ALL Clinical diagnosis |

9 20 ALL Clinical diagnosis |

10 32 ALL Pseudomonas aeruginosa 24

I 47 ALL Influenza viremia 94

12 67 ALL Clinical diagnosis |

13 42 ALL Staphylococcus 34
Enterococcus faecium 39

14 66 ALL Clinical diagnosis |

15 49 NHL Influenza viremia 137

16 53 NHL Corynebacterium 19

17 36 NHL Salmonella 30

18 47 NHL Staphylococcus sp. 17
Aspergillus sp. 37
Fusarium sp. 52

19 41 NHL Enterococcus faecium 9

20 59 NHL Herpes zoster 39

ALL, acute lymphoblastic leukemia; NHL, non-Hodgkin lymphoma.

multivariate analyses using a competing risk model. Neutro-
phil recovery was defined from the 1st of 3 consecutive days
with an ANC > 500 cells/mm”. Patients with a body tempera-
ture > 38°C within 72 h before CTI were considered to have
fever before undergoing CTI. The body temperature of every
patient was recorded from CTI day 1 to death or discharge. The
duration of fever was defined from the 1st of 3 consecutive days
with a body temperature >38°C to the 1st of 3 consecutive days
when the body temperature returned to normal. Analyses were
performed for infections occurring between CTI days 0 and
180 upon standard follow-up evaluations at our center.

Results
Clinical and Treatment Characteristics

Ninety-two patients, of which 10 were children, had R/R ALL
or non-Hodgkin lymphoma (NHL) and received CTI during the
study period. Eighteen patients (one child) received CTI twice
or thrice (15 and 3 patients because of relapse and consolidation
therapy, respectively). When the interval period between each
treatment was > 3 months, these treatments were considered
independent; hence, 113 CTIs were administered in total. The
patient and treatment characteristics are presented in Table 1.
Infections, which occurred in each time period, are presented in
Table 2. Twenty-five patients developed infections during the
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Table 3. Risk Factors for the Initial Infection Determined using a Competing Risks Model.

Day 0-28 Day 29-180
Variables 95% ClI P Adjusted 95% ClI Pe 95% ClI P Adjusted 95% CI  P°
Age 1.037 (0.994-1.081) .09 1.019 (0.991-1.049) .186
Sex 1.306 (0.414-4.116) .649 1.906 (0.357-10.177) .450

Disease type

Prior treatments

Prior autologous and/or
allogenic HSCT

Hypogammaglobulinemia
(IgG <600 mg/dL)

ANC <500 cells/mm®
before CTI

Fever before CTI

High disease burden

Infection in prior
treatment

CRS >3

0331 (0.086-1.274) .108
1.001 (0.878—1.141) .986
0.887 (0.243-3.242) 856

1.607 (0.522—4.942) .408

1.929 (0.632-5.888) 249
2.583 (0.753-8.865) .132
3.239 (1.058-9.918)

2.157 (0.706—6.594) .178
Corticosteroid® 1.363 (0.394-4.717) .625
Tocilizumab® 0.710 (0.190-2.648) .610
ICU admission by day 28° 3.980 (0.521-30.427) .183

3.518 (0.716-17.296) .122
1.027 (0.905—1.165) .680
0.147 (0.018-1.190) .072 0.078 (0.006 -1.012) .051

2.342 (0.496—11.053) .282

4.930 (1.607-15.123) .005 5.914 (1.720-20.331) .005 0.232 (0.029-1.865) .170

2.090 (0.444-9.852) 351
4.936 (0.849-28.685) .075

040 3.732 (1.025-13.597) .046 3.165 (0.652-15.361) .I53

1.538 (0.287-8.249) .616
8.810 (1.869—41.541) .006 7.711 (1.534-38.759) .013
1.873 (0.349-10.053) .464

?The use of corticosteroid or tocilizumab after infection, the analysis considered this as not to be used.

®As there were no patients admitted to the ICU during day 29-180, we did not perform the analysis.

ALL, acute lymphoblastic leukemia; ANC, absolute neutrophil count; NHL, non-Hodgkin lymphoma; Cl, confidence interval; CRS, cytokine release syndrome;
CTI, CAR-T infusion; HSCT, hematopoietic stem cell transplantation; IgG, immunoglobulin G.

previous treatment; among them, there were 5, 14, and 4 cases
of'sepsis, respiratory tract infections (five, seven, and two cases
of bacterial, viral, and fungal infection, respectively), and gas-
trointestinal tract infections (two cases of bacterial and fungal
infection each), respectively. Of these, 10 cases were clinically
diagnosed. In the ALL and NHL cohorts, 62 and 25 patients
developed neutropenia, respectively. The median and range val-
ues of recovery time are listed in Table 1.

Incidence of infection after CTI

Within the first 28 days after CTI, we analyzed the data on days
at risk of infection in 2,943 patients. Initial infection was
detected within a median duration of 7 days (range, 1-24 days)
after CTI; 60% of the initial infections occurred within the first
10 days. Infection density during the first 28 days after CTI was
0.476 infections per 100 days at risk. Fifteen infections were
recorded in 14 patients among the 113 CTI treatments (13.2%)
during this period (Fig. 1A). Bacterial infections (eight infec-
tion events) were predominant (four systemic infections and
four localized infections). The incidence of viral and fungal
infections was very low (one viral and one fungal). Five
patients presented with typical clinical symptoms, including
fever and cough, but without positive microbiological results.
These patients could not tolerate bronchoscopies or biopsies.
Moreover, CAR-T expansion was not detected via flow cyto-
metry; these patients were classified as having unknown infec-
tions. Moreover, infections occurred in eight out of 28 patients
who had neutropenia before CTL

Nine infection events (three bacterial, three fungal, and
three viral events) occurred in seven patients between days

29 and 180 (Fig. 1). The infection density between days
29 and 180 after CTI was 0.111 infections per 100 days at
risk. Statistical analysis revealed that the incidence of infec-
tion events within 28 days was greater than that between
days 29 and 180 (relative risk [RR], 4.30; 95% confidence
interval [CI], 1.99-9.25; P < .001), and the late pathogens
(days 29-180) were primarily viruses and fungi, while bac-
teria were dominant within 28 days.

The two cohorts (ALL and NHL) showed that the infec-
tion incidence was similar (17.3% vs 15.8%, P = .531), but
bacteremia occurred only in the ALL cohort, and the infec-
tion incidence during days 0-28 in the ALL group seemed to
be higher than that in the NHL group (14.7% vs 7.9%,
respectively, P = .237) (Fig. 1B).

Three infection events (i.e., two bacterial and one fungal)
occurred in two out of 11 children within 28 days after receiv-
ing CTL. In contrast, there were only 12 infection events in
102 adults following CTI treatment (27.3% [children] vs
11.8% [adults], P = .162). No late infection events occurred
in the children’s cohort.

Risk Factors Associated with Infection After CTI

We analyzed various pre- and post-treatment clinical factors
to identify risk factors associated with infections. Risk factors
associated with infections were identified using univariate
and multivariate analyses and are presented in Table 3.
As there were different distributions for early and late patho-
gens, we analyzed the risk factors separately. Patients’ sex
and age, prior chemotherapy, prior autologous and/or
allogeneic HSCT, disease type, CRS grade, and serum
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Figure I. Incidence of infections after CAR-T infusion within 180 days. (A) Number of events in different periods. (B) Number of events in
different disease groups. Bacterial infections (n = 4) observed on days 0-29 included the following types: (Staphylococcus sp., n = |;
Pseudomonas aeruginosa, n=2; Klebsiella pneumoniae, n = 1); site of bacterial infection (n = 4) (respiratory tract: Staphylococcus sp., n = |;
Corynebacterium, n = |; digestive tract: Enterococcus, n = |, salmonella, n = I); viral infections (respiratory: respiratory syncytial virus, n = 1);
and fungal infections (respiratory: Candida sp., n = |). Bacterial infections (n = |) observed on days 29—180 included the following: Staphy-
lococcus sp. (n = 1); site of bacterial infection (n = 2) (digestive tract Enterococcus faecium, n = |; salmonella, n = 1); viral infections (n = 3)
(influenza viremia, n = 2; herpes zoster virus, n = | [one patient presented with herpes with pain, and the symptoms improved after antiviral
treatment]; fungal infections (n = 3) (Candida sp., n = |; Aspergillus sp., n = |; Fusarium sp., n = I). CAR-T, chimeric antigen receptor T cell.

>
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Days after CTI

Days after CT

Figure 2. The 28-day cumulative incidence of infection, death from
infection, and the 2-year survival curve of patients receiving CTl is
presented. (A) The 28-day cumulative incidence of infection and
death from infection is presented. (B) The 2-year survival curve of
patients receiving CTI (P = .006) is presented. CTI, chimeric anti-
gen receptor T cell infusion.

hypogammaglobulinemia were not correlated with the infec-
tion risk (Table 3). An ANC < 500 cells/mm’® before CTI
(hazard ratio [HR], 5.914; 95% CI, 1.720-20.331; P =
.005) and infection during prior treatment (HR, 3.732; 95%
CI, 1.025-13.597; P = .046) were independent risk factors
associated with a significantly increased infection density
within 28 days after CTI. Similarly, corticosteroid treatment
during CRS (HR, 7.711, 95% CI, 1.534-38.759; P = .013)
was an independent risk factor during days 29—180 after CTI.

Treatment and Clinical Outcomes of Patients with
Infection

Empirical anti-infective treatment was administered when
clinically suspected infections were considered. The
anti-infective drugs were adjusted according to the drug
sensitivity test via bacterial culturing. Post-treatment, 15 out

of 20 patients with infections after CTI recovered from
infections, while five patients including three patients with
bacteremia died because of the infection. Two patients were
readmitted to the hospital because of infection after dis-
charge. After CTI, 12 patients died in the first 28 days.
Of the 12 patients with early mortality, eight patients died
from infection. The 28-day cumulative incidence of infec-
tion and death from infection was 12.4% and 7.1%, respec-
tively (Fig. 2A). At the end of the follow-up period, 13 and
40 patients with and without infection, respectively, died,
and the 2-year overall survival rate was lower in the infection
than in the non-infection group (P = .006; median survival
duration, 106 vs 409 days; Fig. 2B).

Discussion

We described cases of infectious complications, including
the incidence and distribution of infections, in patients with
R/R ALL and NHL during the first 6 months after CTI.
We identified that neutropenia before CTI and treatment
with corticosteroids during CRS were the two independent
risk factors associated with an increased incidence of infec-
tion after CTI. Moreover, patients with infection had a
shorter survival duration than those without infection.

A high infection rate related to chemotherapy or allogeneic
HSCT has been reported'®'?¢. Slade et al.*® reported that
approximately 89% of the patients experienced at least one
infection and that bacterial infections were predominant dur-
ing the pre-engraftment phase, whereas viral infections were
predominant in the early post-engraftment period. In general,
the infection rate following chemotherapy for patients with
R/R ALL was found to be very high'®?®. Kantarjian et al.'®
reported that infection was an adverse event and found that
approximately 34.1% and 57% of patients were treated with
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blinatumomab and chemotherapy, respectively. Performing
CD19 CAR-T, as a novel therapy for R/R ALL, led to a lower
incidence of infection than salvage chemotherapy or allo-
geneic HSCT?*~?*, Hill et al.? reported 43 instances of infec-
tions in 30 out of 133 patients (23%) within 28 days after CTI
with an infection density of 1.19 infections for every 100 days
at risk, while Park et al.>* reported that 26 infection instances
developed in 22 patients (42%). Vora et al.** reported that
infections occurred in 40% of children in the first 28 days
following CTI (infection density, 2.89). The infection rate
in our study was lower than those observed in these clinical
trials, despite the difference observed between adults and
children (27.3% vs 11.8%). The following factors may have
been related: (1) High-efficiency particulate air-filtered
rooms were recommended by the Centers for Disease Control
for patients at high risk®”*®. These have been shown to greatly
decrease the incidence of aspergillosis®®. Hahn et al.*’
demonstrated that high-efficiency particulate air filters were
protective for highly immunocompromised patients with
hematologic malignancies and were effective because of air
contamination with Aspergillus conidia. Compared with the
results obtained by Hill et al. and Park et al.”> 2%, the incidence
of Aspergillus infections in our study was lower during the
early period (0% vs 1.5% and 6%, respectively).

(2) Only three patients were admitted to the ICU, which
were markedly lower than those admitted in Hill et al.’s
study (20 of 133 patients), wherein ICU admission was
reported as a significant risk of infection (P = .001).

(3) The incidence of bacterial infections in the aforemen-
tioned study may have been overestimated, as it was not
possible to distinguish the cause of fever between infections
and CRS™.

Furthermore, the distribution of infections is clinically
important and can guide anti-infection treatment. Our results
revealed that in early (days 0-28) infectious complications,
bacterial infections were predominant. However, in late
infectious complications (days 29-180), bacterial infections
decreased and viral infections increased. The distribution of
specific infection categories in the early and late periods in
our study aligned with those observed after allogeneic
HSCT'72°. The following factors may have been related:
(1) Fludarabine-cyclophosphamide chemotherapy may have
negatively influenced immune cell function in early periods,
leading to increased bacterial infections; (2) Pancytopenia
caused by chemotherapy, primary disease, or CRS in the
early period may have increased the bacterial infection rate;
(3) As the primary disease was well controlled, immune cells
were reconstituted, especially for neutrophil recovery, thus,
playing important roles in anti-bacterial infections. Patients
usually have B-cell aplasia with a deficiency in humoral
immunity, leading to a high viral infection risk because of
CAR-T persistence. Our results provided a robust basis to
improve anti-infection treatment.

Invasive mold infections (IMIs) are common in patients
who receive chemotherapy or HSCT. However, reports of
IMI after CAR-T-cell therapy are limited®®. At our center,

the IMI rate was 3% (4/131; one occurred early and three
occurred late), which was similar to that observed in Hai-
dar’s study®°. Two out of four patients died of infection,
which demonstrated that such infections had high morbidity
and mortality rates. The patients who were enrolled in the
CAR-T treatment were neutropenic and deeply immunosup-
pressed. As the studies performed on CAR-T-cell recipients
were limited and the optimal duration of prophylaxis
remains unclear, there is still a debate on whether all
CAR-T-cell therapy recipients should receive anti-mold pro-
phylaxis. Based on the presence of neutropenia or steroid
use, Haidar et al.?® proposed strategies to prevent IMIs in
these patients, while Lewis et al.*® suggested the provision of
active mold prophylaxis to all patients who were going to
receive CAR-T.

Similar to fungal infections, viral infections mostly occur
in the late stage. In this study, there were four patients with
viral infections, of which three cases occurred in the late
stage. The time distribution was similar to other studies® 2.
In our study, three patients showed respiratory symptoms.
Thus, in the future, patients in the late stage with advanced
respiratory symptoms should consider the possibility of viral
infection.

Previous studies have reported that neutropenia was the
primary risk factor associated with infections in patients with
acute leukemia after chemotherapy, especially in those with
chronic conditions® . Similar results have been observed
among patients after CTI. In most cases, after CTI, patients
experienced cytopenia because of receiving chemotherapy
and because of CRS. Park et al. reported that all, apart from
four patients, had an infection while they were neutropenic
after CTI**. Our study showed that an increased infection
risk was associated with the neutropenic state before CTI.
Patients who had neutropenia before CTI usually were neu-
tropenic for a longer period. Our results revealed that prior
infection was another risk factor associated with infection in
the early period. In our study, 33 pathogens were identified
from the previous infection records. Only one patient had the
same pathogen infection prior to and after CTI, while in the
other patients, this was not consistent after CTI, indicating
that the infection recurrence was not a problem.

Our results revealed that corticosteroid treatment during
CRS was another risk factor associated with infection in the
late period. Corticosteroid exposure has been reported pre-
viously, as a risk factor for infection, especially IMIs>>°,
Dix et al.®” reported that corticosteroid exposure was asso-
ciated with higher rates of infection, sepsis, and infection-
related mortality, as opposed to our results. The adverse
effects of hormones are often not manifested within 28 days,
and after 28 days, most patients would have recovered from
neutropenia, which explained the inconsistency of risk fac-
tors during the different periods. Hence, for patients at a high
infection risk, infection prophylaxis or intensive anti-
infection treatment may be necessary.

Our study also showed that the survival duration was
shorter in patients with infections than in those without.
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The early mortality rate was high among patients with infec-
tions. To date, no study has performed a survival analysis
based on the infection state after CAR-T treatment. To the
best of our knowledge, our study was the first to report that
infectious complications after CTI were associated with a
poor prognosis. Therefore, strategies to reduce the infection
rate are important to improve the overall survival after CTI.

This study had some limitations, including its retrospec-
tive nature and the limited sample size, which could have
influenced the statistical analysis reliability. The choice of
covariates for multivariable analysis may have been con-
strained by the small number of observed events.

Conclusion

We provided a broad and comprehensive description of the
infectious complications that can occur in this novel cohort.
The incidence of infections was relatively lower in patients
who underwent CTI than in those who underwent che-
motherapy and allogeneic HSCT (13.2% vs 34.1-89%,
respectively). However, patients with infections after CTI
had a poor prognosis. Our results suggested that the initial
bacterial (days 0-28) and subsequent viral (days 29-180)
infections should be considered. For patients at a high risk
of infection, effective prophylaxis therapies may improve
their prognosis. Further studies with larger cohorts and lon-
ger follow-up periods are recommended to obtain more
extensive data on infections.
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